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omatic vinyl compound copolymer by cation ic polymer- 
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Description 



Knd^sr; ,o m rr : rrs's sir rr ,uic ' oui " — - — » ~ — — « 

produc wl,a„ , h . stepaa p,od^?r^a II rZfht 1 WeMin 9 «> a surface of a shap.a 

lowering adhesion mer.bMwaaa "™ ° y a ° n,S " n9 " " im ano,,>ot "»•*•« «»•• 

a problem of 

^n-^i^^S S^t2; 'T m h ° le h CUlar Wei9W *** ^ 8 900d COm ^ ibi1 ^ w «h diene 
by sulfur. USSd ' bUt ' n add ' t,0n '° a h, 9 h cos <. *ere is a problem of occurrence of a vulcanization 

b~cl7a^^ a relatrvely ,ow molecular weigh, has 

compatibility with the n^^^^^^T ^ and haS 3 *** 

as the method of manufacturing the isobutvl^ ^ t ^ ' S knOWn ,h3t 3 Ca,i ° nic Polarization is useful 

SJ2 -.um h e e 18^^^^^ a '-mo.ecular 

control. On the other hand the cationfc iohT^^ ^ - ' S 3 Pr ° b ' em ° f di1fiCU,,y of molecu,ar wei 9™ 

acid of an e.ectrophilic reagentTan inttator (SSe e ,v Z ^ P**™ by USin9 3 pr ° t0n acid or Le 'is 

(initiation reaction), endsuiZ^^^^^'^^Z 8 ^ '° 3 m ° n ° mer t0 produce carbocation 
a higher molecular weight (p^S^^^^Z^^- * prodUee 3 f> r <W"9 cation having 

reaction by bonding with an ior , oa ToS k » pr ° pa9atln 9 cat,on * generally not very stable, a quenching 
the terminal of the S^^^^^^^T ~ Cta * °' 3 MWriallon reaction o, hydrogens a? 
weight is difficutt to be generated 1 theTeac" tofZZZZZ? 0 ?""- HenCe po, y mer havi "^ high mo.ecu.ar 

ro^JconZr ° f r 6 ' inVen,i ° n ~ 3 »— - a «—e,y 

suitable forasoftenerforrubbeTcCosZ^ 

[0011] In order to attain th* ok. ^ Uto,l,un ° r Ine l,k e by a cationic polymerization at a high yield 

— « - can be attained by 

ca,a.yst and a predetermined amount of waS ThT ^^^S^iSST^ T* * 3 LeWiS 3Cid 

[0012] Namely, the present invention orovides 7m P th^ 1 ? accomplished by such a knowledge, 

terized in that isobuty.ene is pcTmS 'wTh a aromlT manufacturing an isobuty.ene based copolymer charac- 

applications. * ' ^P"*^** be selected among various compounds to use in accordance to 

SS5 s«^e e sTr 6 T °! ^^'M-substftuted styrene such as a- 

methyl styrene, nHniU.^^^? ST nUC, rr' ky, - SUbStitUted ^ SUch as - 

- fudher f-viny, naph^e. ^^^^^Z^^:^ 
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styrene are preferable, and styrene is the most preferable. The above mentioned aromatic vinyl compound alone or 
combination of two or more kinds thereof can be used. 

[0015] Further, in the present invention, if desired, one or tow or more kind of conjugate diene monomer such as 
1,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl butadiene, 2-phenyl-1 ,3-butadiene, 1 ,3-hexadiene and the like 
may be used as a comonomer. 

[0016] Further, in the cationic polymerization according to the present invention, Lewis acid catalyst is used as a 
catalyst. As the Lewis acid catalyst, mention may be made of halides of metals, for example, belonging to IV, V, VIII, 
XIII, and XIV groups in Periodic table, concretely, TiCI 4 , VCI 5 , FeCI 3 , BCI 3 , BF 3 , AICI 3 , (C 2 H 5 ) 2 AICI, C 2 H 5 AICI 2 , SnCI 4 
and the like. Among them, TiCI 4 is particularly preferable. The Lewis acid catalyst can be used alone or in the combi- 
nation of two or more kinds. 

[001 7] An amount of the Lewis acid catalyst may be properly selected according to a ratio of monomers blended and 
a desired molecular weight of the copolymer. 

[0018] The cationic polymerization according to the present invention is required to be conducted in the presence 
of the above mentioned Lewis acid and water wherein the molar ratio of the water to the catalyst is within a range of 
0.25 to 5. When the water content is outside the above range, a yield of the copolymer is not sufficiently improved and 
the object of the present invention can not be attained. From the aspect of the copolymer yield, the molar ratio of the 
water to the Lewis acid is more preferable to be within a range of 0.5 to 5, particularly, 0.75 to 4. 
[0019] In the present invention, the cationic polymerization of isobutylene with an aromatic vinyl compound is usually 
conducted in a solvent. The solvent can properly be selected from solvents generally used in a cationic polymerization 
and used. 

[0020] As such a solvent, for example, mention may be made of hydrocarbons such as aliphatic hydrocarbons, 
aromatic hydrocarbons halogenated, hydrocarbons or the like. In this case, mention may be made of pentane, hexane, 
cyclohexane or the like as an example of the aliphatic hydrocarbons; benzene, toluene, xylene or the like as an example 
of the aromatic hydrocarbons; chloromethane, chtoroethane, dichloromethane, 1 ,1-dichloroethane, chloroform, 
1 ,2-dichloroethane or the like as an example of the halogenated hydrocarbons. Among them, the aromatic hydrocar- 
bons, and particularly preferably toluene, are more preferable. 

[0021] The solvent may be used alone or in a combination of two or more kinds. In addition, use may also be made 
of a small amount of other solvent; for example, acetic ester such as ethyl acetate or the like, organic compound having 
a nitro group such as nitroethane or the like. 

[0022] In this cationic polymerization, a temperature of the polymerization may usually be selected from a range of 
-100°C to -30°C. When it is lower than -100°C, a rate of the polymerization is too small to be practical, on the other 
hand, when it exceeds -30°C, a chain-transfer reaction is too violent and thereby the molecular weight of the copolymer 
obtained tends to decrease extremely which is not preferable. From a viewpoint of the polymerization rate and the 
molecular weight of the copolymer obtained, the temperature of the polymerization is preferable to be within a range 
of -80°C to -40°C. Further, the cationic polymerization reaction can be conducted under a self-generating pressure, 
but it is usually profitable to be conducted under a pressure of sufficiently keeping the monomers in a substantial liquid 
phase. The pressure may be properly selected depending upon the kinds of monomer and solvent used, upon the 
temperature of polymerization and the like. An inert gas may, if necessary, be introduced into the reaction system and 
thereby the polymerization reaction may be conducted under a higher pressure. 

[0023] After completion the reaction, the copolymer is separated from the reaction solution by adding a poor solvent 
for the produced copolymer, such as methanol, a mixture of methanol and water or the like into the reaction solution, 
and then recovered and dried to obtain the objective copolymer. 

[0024] The isobutylene-aromatic vinyl compound copolymer obtained by the above-mentioned cationic polymeriza- 
tion is a random copolymer in general. When this copolymer is used as a softener for a rubber composition, the mo- 
lecular weight thereof is profitable to be within a range of 2000 to 50000 in a weight average molecular weight (Mw) 
reduced as polystyrene measured from a differential refractive index (Rl) by a gel permeation chromatography (GPC). 
When the Mw is less than 2000, there is a fear of decreasing the fracture strength of the rubber composition, on the 
other hand, when it exceeds 50000, the performance as a softener for rubber composition is difficult to be developed. 
And from the aspect of the effect, the Mw is preferable to be within a range of 4000 to 42000. Besides, the method of 
measuring the weight average molecular weight by a GPC will be described later. 

[0025] Further, when the copolymer is used as a softener for a rubber composition, it is preferable to contain 30-90% 
by weight of isobutylene unit and 70-10% by weight of aromatic vinyl compound unit. When the content of the aromatic 
vinyl compound unit is less than 10% by weight, a compatibility with the rubber is decreased, and hence the copolymer 
is easy to bleed, on the other hand, when it exceeds 70% by weight, the performance as a softener for a rubber 
composition is unpreferably degraded. When both the compatibility and the performance as a softener for a rubber 
composition is taken into consideration, the content of isobutylene unit is more preferable to be within a range of 40-80% 
by weight, and the content of the aromatic vinyl compound unit is more preferable to be within a range of 60-20% by 
weight. 
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s oEi^^r:::^ c r p r on ' ,rom the ° f «*^«* - 

compound unit in the rubber ingTedien, i a ma trix S^T f l ° be hiflher ,han ,ha * ° f ,he aroma,ic vin W 

less than 15% by weight. ,n9red,enl 3 ma,r,x ' and Particularly, the difference therebetween is profitable to be not 

SmaTm^ 

rubber composition of a tire as a^i^^^^LTT 8 !?' 0 - ?' eXamP ' e ' When 1 iS applied to a ,read 
» based on 1 00 parts by weight of rubbeT^ " **» ^ by Wei9ht 

of improving the high hysteresis loss oraL J \Z >1 P S by we,ght ' there is a fear lh at the effect 

exceeds 20? parts by we^gh fb "gs a ca U 2 o S^no TTT" " SUffiCien, ' y deVetoped ' Whi,e when il 
[0029] Further, the copolymer may be ^ * J* 6 " 8 * * n * ber c ° m P<*"ion. 

an aromatic oil. in this case as weS the totatoS £2 J ° nvent,onal s °«ener for a rubber composition, such as 
« based on 100 parts by weight of the rubber hSJE ^SZZT™" '* *"* *° 6XCeed 200 ^ * wei 9™ 

sssrss be no rt i iess than 15% - ™ ,he amoum ° f the copo, - er 
Sic x^2^s^^sr in r rubber composi,ion m «* - 

mention may be made of natural rubber nT Z * " BUt ' 3 ^ mbber iS P r <«e- And concrete*, 

rubber (SBR), butyl rubber (MR) ^S^^^S! tT'' bU ' adiene mbber (BR) ' s 'y^ne-bu,adiene 
like. Among them, NR, BR, or SsX ^ZT^eZT ^'-^'^tadiene rubber (NBR) or the 

[0O31] The invention wil, be explained in detai. with reference to the exampies, which are not intended as .imitation 

SSJ*' Wmer COn,en, ^ reaCti ° n a " d *» P-Per«es of the obtained copotymer are measured 

(1) Water content in reaction system 

— c= 

(2) Weight average mo.ecuiar weight and mo.ecuiar weight distribution (Mw/Mn ratio) of copolymer 

Sisp'erLrxs ;r ; s measured by bein9 reduced as «— ° n 

(GPC)[GPC; HLC-8020 n^e^^ow^^ ^l^n ^H^^^h R t Xhr °^ a 9el P erme ation chromatography 
number average molecular weioht SnTi. a i GMH-XL made by Toso Corp. (two columns in series)], and the 

referred to as IpC-RO 9 m ' S "*° l ° Ca,CUlate the Ocular weight distribution (hereinafter 

lecular weight distribution (hereinafter referred to as GPC Uvl ° M ° there °' ,0 Ca,CU,ate the m °- 

(3) Content of styrene unit in copolymer 

KrlcT^^ iS Ca,CUlated an «* hy measuring the proton nuclear magnetic 

J^T^^r t7a a p r k , a?6% a r ak m 0f 3 ^"T deriV6d ,r ° m ~ ^ P — * 
styrene. Thereby, a molar ratio of stvrene unTto i^Tf PP l ° 88 3 P6ak ° f 3 P roton of somatic ring of 

them, cu,ar weights the^ 

[0038] Besides, all the materials used in polymerization is dried and purified. 
Example 1 

ch., g .d. and «ar i. added ,ha,.,o to Ih. 4" aon«m of 0 S T" C °"'*"*" B TO| * " 0 25 ™° M " 1 * « 
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from the beginning of the polymerization to the end thereof in the polymerization reaction system. 
[0040] After completion of the reaction, intothe reaction solution, 5 ml of methanol and then 10 ml of water are added 
to separate the isobutyiene-styrene copolymer. Then, the separated isobutylene-styrene copolymer is recovered and 
subjected to a drying treatment. The results are shown in Table 1 . 

5 

Examples 2-5 and Comparative Examples 1-3 

[0041] The isobutylene-styrene copolymer is produced in the same manner as in the Example 1 except that the water 
content in the reaction system in the Example 1 is changed as shown in the Table 1 . The results are shown in the Table 1 . 

10 

Table 1-1 
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Example 


1 


2 


3 


4 


5 


H 2 0/TiCI 4 molar ratio in reaction system 


1.4 


0.30 


0.75 


1.9 


4.7 


Copolymer 


GPC-RI 


Mw 


4460 


5004 


4470 


4190 


5380 


Mw/Mn 


2.07 


1.98 


2.14 


1.99 


1.99 


GPC-UV 


Mw 


3670 


4472 


3840 


3480 


4290 


Mw/Mn 


2.16 


2.18 


2.28 


2.09 


2.18 


Styrene unit content (wt%) 


51.6 


48.2 


50.8 


53.2 


46.2 


Copolymer yield (g) 


9.8 


8.2 


9.7 


9.4 


7.2 


Copolymer yield (%) 


98 


82 


97 


94 


72 



Table 1-2 









Comparative Example 








1 


2 


3 


H 2 0/TiCI 4 molar ratio in reaction system 


0.1 


7.5 


11.1 


Copolymer 


GPC-RI 


Mw 


5900 


5890 


5880 






Mw/Mn 


1.92 


1.92 


1.92 




GPC-UV 


Mw 


5107 


5120 


5100 






Mw/Mn 


2.11 


2.10 


2.11 




Styrene unit content (wt%) 


44.7 


45.2 


44.9 


Copolymer yield (g) 


2.9 


5.7 


3.0 


Copolymer yield (%) 


29 


57 


30 


note: 

The yield of the copolymer is calculated from a formula shown below. 
Copolymer yield (%) 

= (recovered copolymer (g)/charged monomer (g)) x 100 



[0042] Besides, all the copolymers in Examples 1-5 and Comparative Examples 1-3 are random copolymers and 
so substantially do not have isobutylene or styrene block portion observed through 1 H-NMR spectrum. 

[0043] According to the invention, the isobutylene-aromatic vinyl compound copolymer having a relatively low mo- 
lecular weight and suitable as a softener for a rubber composition or the like can effectively be manufactured at the 
high yield by the cationic polymerization. 

55 

Claims 

1. A method of manufacturing an isobutylene based copolymer in which isobutylene and an aromatic vinyl compound 
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T^T^l^T^ ^ Pr6SenCe °' 3 ^ Cata ' ySt ^ « h ° ratio 

2 ' ^iTl^^^afteS!; ovtTahtnr in T ,he l iSObuty,ene based c °P°'y- comprises isobutylene 
amount ot oO to 90 /„ by weight and aromatic vinyl compound units in an amount of 70 to 10% by weight. 

" ^c^ 

4 ZTz:^ s xzTZ t^i:::~ ized in that ,he — vinyi — * * - - ot 

5. A method as claimed in any of claims 1 to 4, characterized in that the Lewis acid catalyst is T1CI 4 . 

6 - t ^Z^Z^o^c. 5 1 t0 5 ' CharaCt6riZed in ^ thS t6m P— » *» -tionic polymerization 

7 ' rsZT^cT^c. C ' aim * CharaCtSriZed in « - '-perature in the cationic po,ymer*a,ion is within a 

9 - c ssrc?^ claims 1 ,o 8 ' charac,erized in that the mo,ar ra,i ° ° f * ^ «* —*■« 

10 ' i^ZSZToSsTZ 9 ' CharaCteri26d ,h3t ^ m ° ,ar rati ° ° f Wat - * the LeW * «* «— y- * within 

11 SS^^ 
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